UNCLASSIFIED 


kepAoduc&t 
Lf  the 


ARMED  SERVICES  TECHNICAL  INFORMATION  AGENCY 
ARLINGTON  HALL  STATION 
ARLINGTON  12,  VIRGINIA 


UNCLASSIFIED 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connect! or  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever)  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  uBe  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


TM  33S-84 
JUNE  1960 


N 

00 

lO 

i> 

i 

I  ©i 

1  b 

1  «=£ 


HUMAN  FACTORS  ANALYSIS  OF 
[VOICE  COMMUNICATIONS  PRACTICES 
I  IN  AIR  TRAFFIC  CONTROL 


l 

[ 

1 

I 

I 

I 


! 


i 

<. 


■cr  :  c/o 

CD  '■■■' 


VOLUME  I! 

SUPPORTING  DATA 


PREPARED  FOR 
HUMAN  FACTORS  BRANCH 
RESEARCH  DIVISION 

BUREAU  OF  RESEARCH  AND  DEVELOPMENT 
FEDERAL  AVIATION  AGENCY 


UNDER  CONTRACT  FAA/BRD-44 
BY 

OPERATIONS  RESEARCH  GROUP 


^■t 
A  A  1 

l ?*■ 


I  1^- 


TM  339-84 
JUNE  1960 


HUMAN  FACTORS  ANALYSIS  OF 
VOICE  COMMUNICATIONS  PRACTICES 
IN  AIR  TRAFFIC  CONTROL 

VOLUME  II 

SUPPORTING  DATA 


THIS  REPORT  HAS  SEEN  PREPARED  BY  CONVAIR /POMONA 
FOR  THE  AVIATION  RESEARCH  AND  DEVELOPMENT  SERVICE 
(FORMERLY  BUREAU  OF  RESEARCH  AND  DEVELOPMENT), 
FEDERAL  AVIATION  AGENCY,  UNDER  CONTRACT  NO.  FAA/ 
BRD-44.  THE  CONTENTS  OF  THIS  REPORT  REFLECT  THE 
VIEWS  OF  THE  CONTRACTOR,  WHO  IS  RESPONSIBLE  FOR 
THE  FACTS  AND  FOR  THE  ACCURACY  OF  THE  DATA  PRE¬ 
SENTED  HEREIN.  THE  CONTENTS  DO  NOT  NECESSARILY 
REFLECT  THE  OFFICIAL  POLICY  OF  THE  ARDS  OR  THE 
FAA. 


MALCOLM  SMITH 
L ARR'  KASHDAN 
LARRY  SENN 
_OHN  REEVE*. 

JACK  ALLEL 

OPERATiOMS  RESEARCH  GROUP 


Reproduction  ir.  -“hole  ei  in  port  is  permitted  for 
any  purpose  of  the  United  States  Go  e.nment 


CONVAIR /POMONA 


CONVAIR  DIVISION  OF  GENERAL  DYNAMICS  CORPORATION 


COKVAIR -POMONA 


TM  339-84 
Volume  XI 
Jtme  i960  ■ 
Page  ill 


TABLE  OF  CONTENTS 


PAGE 

CONTENTS . iii 

LIST  OF  FICURES . v 

LIST  OF  TABLES .  lx 

INTRODUCTION .  Xi 

SECTION  I  VOICE  COMMflT CAT IONS  CONTENT . .  1 

A  -  DIN  TABLES .  3 

B  -  DIN  CHARTS . 31 

SECTION  II  TIME-RELATED  VOICE  COMMUNICATIONS  MEASURES  ....  143 

A  -  TIME-RELATED  DATA  TABLES . 145 

B  -  TIME -RELATED  DATA  CHARTS . 217 

SECTION  III  ANALYSIS  OF  DATA . 263 

A  -  ANAI.YT.  JAL  CHARTS . 265 

B  -  ANALYTICAL  TABLES  . . .  395 

SECTION  IV  COORDINATION  COMMUNICATIONS  .  ......  405 

A  -  COORDINATION  COMMUNICATIONS  TABLES  ........  407 

B  -  CT-.RDIN/TIOK  COMMU N ICAT ION S  CHARTS  . . 4f>3 


CONVAIR-POMONA 


TM  339-84 
Volume  II 
June  I960 


LIST  OF  FIGURES 

FIGURE  NUMBER (S )  TITLE  .  PAGE(S) 

SECTION  I 

1-1  MESSAGE  CLASSIFICATION  MATRIX  .  1 

1-2  FACILITY  DIN  PROFILES . 32 

1-3  DIN  PROFILES  FOR  THE  FUNCTIONAL 

CONTROL  POSITIONS  (1959)  .  33 

1-4  DIN  PROFILES  FOR  THE  FUNCTIONAL 

CONTROL  POSITIONS  (i960)  .  34 

1-5  to  OVERALL  DIN  PROFILES  (By  Position) . 35-41 

1-11 

1-12  to  DIN  PROFILES  BY  ORIGINATOR 

1-29  (By  Facility  and  Position)  . . 44-6l 

1-30  to  DIN  PROFILES  BY  AVIATION  CATEGORY 

1-4?  (By  Facility  and  Position) . 64-81 

1-48  DIN  PROFILE  COMPARISONS . 84 

1-49  to  DIN  PROFILES  BY  ORIGINATOR  AND  AVIATION 

1-6 6  CATEGORY  (By  Facility  ar.d  Position) . 85-IC2 

1-67  to  PROPORTION  OF  MESSAGES  WITHIN  EACH 

1-84  CLASSIFICATION  (By  Facility  and  Position )  .  .  104-121 

I-85  to  PROPORTION  OF  MESSAGES  BY  AVIATION 

I- 102  CATEGORY  (By  Facility  and  Position)  .  124-l4l 

SECTION  II 

II- l  to  SEQUENTIAL  VARIATION  IK  R/T  COMMUNICATIONS 

II-6  LOAD  (By  Position) . 218-223 

II.-7  to  FREQUENCY  FUNCTIONS  FOR  r~'-J2NT  OF  TIME 

11-12  SPENT  ON  R/T  COMMUNICATIONS  (3y  Position)  .  .  226-231 

11-13  TIME-REIATED  MEASURES  BY  FACILITY . 234 


CONVAIR -POMONA 


TM  339-84. 
Volume  II 
June  i960 
Page  vi 

LIST  OF  FIGURES 
(Continued) 


FIGURE  NUMBER (S) 
SECTION  II  (cont) 

11-14 

11-15 

II-16 

11-17  to 
II-23 

11-24  to 
11-30 

11-31  to 
.11-37 


TITLE  PAGE (8 ) 

TIME-RELATED  MEASURES  BY  TOWER  POSITION  ...  235 

TIME-RELATED  MEASURES  BY  CENTER  POSITION  .  .  236 

T BE -RELATED  MEASURES  BY  STATION  POSITIOIi  .  .  237 

AVERAGE  TOTAL  COMMUNICATIONS  TIME  PER 

AIRCRAFT  BY  AVIATION  CATEGORY  (By  Position)  .  240-246 

AVERAGE  COMMUNICATIONS  TIME  PER  CONTACT 

BY  AVIATION  CATEGORY  (By  Position)  .  248-254. 

AVERAGE  NUMBER  OF  CONTACTS  PER  AIRCRAFT 

tY  AVIATION  CATEGORY  (By  Position)  .  256-262 


SECTION  III 


III-l  SCHEMATIC  OF  ANALYSIS  OF  TIME -RELATED 

MEASURES . -.266 

•  III-2  to  EFFECT  OF  TRAFFIC  DENSITY  ON  TIME-RELATED 

III-37  MEASURES  (By  Position  for  Half-Hour,  One- 

Hcur  and  Two -Hour  Intervals)  ........  268-303 

HI-38  to  EFFECT  OF  COMMUNICATIONS  LOAD  ON  TIME-RELATED 

III-73  t MEASURES  (By  Position  for  Half-Hour,  One- 

Hour  and  Two-Hour  Intervals )  .  306-341 

111-74  to  EFFECT  OF  EXPERIENCE  ON  TOTAL  COMMUNICATIONS 

III-83  TIME  (By  Position  for  Half-Hour,  One-Hour  and 

Two-Hour  Intervals)  .  .  .  344-353 

III-84  to  EFFECT  OF  EXPERIENCE  ON  CONTACT  TIME 

HI-93  (By  Position  for  Half-Hour,  One-Hour  and 

Two-Hour  Intervals)  ...  .  356-365 

111-94  to  EFFECT  OF  TRAFFIC  DENSITY  OH  MESSAGE 

HI-103  COURT  (By  Position)  .......  .  368-377 


CONVAIR-PQMONA 


TM  339-84 
Volume  II 
June  i960 
Pagevii 


LIST  OF  FIGURES 
(Continued) 


FIGURE  NUMBER (S) 

TITLE 

page(s) 

SECTION  III  (Cont.) 

III-104  to 

III-108 

R/T  COMMUNICATIONS  LOAD  VERSUS  MESSAGE 

COUNT  (By  Position)  .  . 

360-384 

III-109 

TRAFFIC  LOAD  VERSUS  R/T  COMMUNICATIONS 

LOAD  AT  ALL  POSITIONS  . 

386 

III-110  to 

HI-115 

TRAFFIC  LOAD  VERSUS  R/T  COM-1UNICATIOKS 

LOAD  (By  Position) . . 

388-393 

SECTION  IV 

IV-1 

SCHEMATIC  OF  MIAMI  ATC  COMMUNICATIONS 
COMPLEX  . 

424 

IV -2  to 

IV- 12 

COMPOSITION  OF  COORDINATION  COMMUNICATIONS 
TIME  (By  Position)  . 

425-435 

IV-13  to 

IV-16 

FREQUENCY  FUNCTIONS  FOR  PERCENT  OF  TIME 

SPENT  ON  COORDINATION  COMMUNICATIONS 

(By  Position) . . . * 

438-441 

IV- 17 

AVERAGE  INTERPHONE  COMMUNICATIONS 

TIME  PER  CONTACT . 

444 

IV- l8  to 

IV-21 

AVERAGE  TOTAL  INTERPHONE  COMMUNICATIONS 

TIME  PER  PLAIT!  TREATED  (By  Inti  'lone 
Position) . • . 

446-449 

CON VAIR- POMONA 


TM  339-84 
Volume  II 
June  i960 
Page  ix 


LIST  OF  TABLES 

TABLE  NUMBER (S) 

n 

TITLE 

PAGE (S ) 

SECTION  I 

1-1 

MESSAGE  CLASSIFICATION 

TOTALS  (TOWER)  . 

4-5 

1-2 

MESSAGE  CLASSIFICATION 

TOTALS  (CENTER ) . 

6-7 

1-3 

MESSAGE  CLASSIFICATION 

TOTALS  (STATION)  . 

9 

1-4  to 

1-15 

TWO-HOUR  DIN  TOTALS  (By  Position)  . 

10-29 

SECTION  II 

II-l 

R/T  COMMUNICATIONS  MEASURES  TOTALS 
(TOWER) . 

147 

II-2 

R/'T  COMMUNICATIONS  MEASURES  TOTALS 

(center  ) . 

149 

II-3 

R/T  COMMUNICATIONS  MEASURES  TOTALS 
(STATION) . 

151 

II-4  to 

II-18 

R/T  COMMUNICATIONS  MEASURES  (By  Position)  . 

154-215 

SECTION  III 

III-l 

MINIMUM  AND  MAXIMUM  R/T  COMMUNICATIONS 
SATURATION  LEVELS  IN  HUMBER  OF  AIRCRAFT 
CONTACTED  PER  HALF-HOUR  INTERVALS . 

387 

III-2 

COMPARATIVE  TOWER  COMMUNICATIONS  STATISTICS 
BY  AVIATION  CATEGORY  . 

397 

III-3 

COMPARATIVE  CENTER  COMMUNICATIONS  STATISTICS 
BY  AVIATION  CATEGORY  . 

399 

CONVAIR-POMONA 


r 

i 

TM  339-84 

Volume  II  I 

June  i960  I 

Page  x 


I 


LIST  OF  TABLES 
(Continued ) 

i 

TABLE  MUMBEB(S) 

TITUS 

PAGE  (S )  | 

SECTION  III  (Cont.) 

| 

Ill -4 

COMPARATIVE  STATION  COMMUNICATIONS 
STATISTICS  BY  AVIATION  CATEGORY  . 

.  401  a 

III-5 

PILOT/COHTROLLER  CONTACT  INITIATION 
PERCENTAGES . 

B 

.404 

SECTION  IV 

1 

IV-1 

TIMING  STATISTICS  -  TOWER  POSITION  TOTALS  . 

.  408  1 

IV-2 

TIMING  STATISTICS  -  CENTER  POSITION  TOTALS 

.  409  ' 

IV-3 

TIMING  STATISTICS  -  STATION  POSIT ION  TOTALS 

.  4lO  1 

IV-4  to 

IV-l-i 

TIMING  STATISTICS 

(By  Position) . . 

.  411-421  3 

I 

I 

! 

1 

l 


} 


CONVAIR-PQMONA 


1M  339-84 
Volume  II 
June  i960 
Page  xi 


INTRODUCTION 


This  is  the  second  volume  of  a  two-volume  final  report  of  a  project 
performed  under  Contract  FAA/BRD-44  for  the  Federal  Aviation  Agency 
by  the  Operations  Research  Croup  of  Convair-Pomona.  It  presents  a 
comprehensive  compilation  of  processed  data  based  on  a  series  of  com¬ 
munications  measures  defined  for  the  purpose  of  analyzing  and  de¬ 
scribing  the  Miami  ATC  complex.  The  scope  cf  the  project  did  not  in¬ 
clude  a  thorough  statistical  analysis  of  the  data,  but  the  data  nec¬ 
essary  for  such  an  analysis  are  given  in  this  volume  in  convenient 
tabular  form. 

For  convenience  in  rapidly  comparing  position  or  facility  descriptions, 
the  data  are  presented  in  chart  fern  as  veil  as  tabular  form.  The 
first  two  sections  contain  descriptive  tables  and  charts  based  on  R/T 
communications  with  pilots.  Section  III  contains  the  data  plots  on 
which  are  based  many  of  the  conclusions  discussed  in  Volume  I.  The 
report  concludes  with  a  section  of  coordination  communications  data. 

The  hulk  of  the  data  presented  is  based  on  a  1959  data  collection  pro¬ 
gram,  with  additional  data  collected  in  19c 0  presented  for  comparison. 

The  data  are  given  in  the  form  of  "cycles"  cf  tables  and  charts.  That 
is,  the  data  with  respect  to  a  particular  measure  are  given  first  for 
the  overall  facility  totals  and  then  for  individual  positions.  Each 
cycle  of  tables  or  charts  is  preceded  by  a  orief  description  of  the 
cycle  and  the  measures  used, in  order  tc  cue id  misunderstanding.  Unless 
otherwise  specified,  n.l  charted  data  are  based  on  the  1959  data  samples. 
The  charts  for  the  Radar  Approach  Control  position  and  the  Radar  Departure 
Control  position  represent  only  i960  data  and  no  further  identification 
will  be  made.  Detailed  discussions  cf  results  and  concepts  will  be  found 
in  Section  I  of  Volume  I.  The  present  volume  is  restricted  to  the  pre¬ 
sentation  of  the  da ca  on  which  are  based  the  discussions  of  Volume  I. 
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SECTION  I 

VOICE  COi-ifuTICATIGNS  CONTENT 


The  analysis  of  the  content  of  the  communi  cat  ions  recorded,  at  Miami 
was  based  on  a  new  approach  created  for  this  project.  Since  detailed 
data  are  available  for  frequency  of  message  occurrence,  word  counts, 
etc.,  a  generalized  classification  technique  was  formulated.  Each 
r/T  contact  was  defined  to  consist  of  essentially  three  phases: 

Phase  1  -  Call-up  and  response 

Phase  2  -  Interchange  of  messages 

Phase  3  -  Acknowledgment. 

Since  Phases  1  and  3  consist  of  purely  stereotyped  material,  just  Phase 
2  messages  were  analyzed.  The  data  in  this  Section,  then,  pertain  only 
to  messages  following  the  cail-up  and  response  and  preceding  the  final 
acknowledgment  (or  contact  termination). 

Each  Phase  2  message  delivered  by  a  pilot  or  controller  was  classified 
as  a  "Data"  message,  an  "Information"  message,  or  a  "Hews"  message  in 
accordance  with  the  definitions  of  Figure  1-1. 

Figure  1-1 

MESSAGE  CLASSIFICATION  MATRIX 


Necessary  System  Input 
and/or  Requires  Action 

Not  a  Necessary  System  Input 
and  Requires  No  Action 

iooj» 

EXPECTED 

INFORMATION 

DATA 

NOT  100^6 
EXPECTED 

REWS 

DATA 

Message  "expectancy"  refers  to  message  type  rather  than  message  content,  and 
"IOC Expected"  is  interpreted  to  mean  "lQOfj,  as  nearly  as  can  be  determined". 


TM  339-84 
Volume  II 
JUne  i960 
Page  2 


"Requires  action"  refers  to  the  necessity  for  a  message  recipient  to  take 
some  definite,  non-trivial  action  in  response  to  the  message.  (Hence¬ 
forth,  "DIN"  will  he  used  to  denote  "Data,  Information,  and  News"  when 
used  as  an  adjective.  Further,  the  three  message  types  will  always  be 
capitalized  to  distinguish  them  from  usual  meanings.) 

To  illustrate,  a  compulsory  position  report  would  be  classified  as 
Information  because  it  is  expected  and  a  necessary  system  input.  An 
instruction  to  change  altitude  immediately  because  of  a  potential  con- 
flicticn  would  be  classified  as  News  because  it  is  unexpected  and  a 
necessary  system  input.  Finally,  if  a  local  controller  issues  a  "hold" 
and  then  gives  the  reason  for  the  hold,  the  explanation  would  he  clas¬ 
sified  as  Data  since  it  is  not  a  necessary  system  input,  (it  must  be 
pointed  out,  however,  that  good  reasons  do  exist  for  giving  such  ex¬ 
planations  to  pilots . ) 
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A.  DIM  TABLES 

Tables  1-1,  1-2,  and  1-3  show  the  overall  DIM  statistics  for  each 
position  in  the  Tower,  Center,  and  Station,  respectively.  A  further 
breakdown  of  the  statistics  is  given  for  each  control  position  in 
the  Tower  and  Center  in  Tables  1-4  through  1-15.  The  latter  sta¬ 
tistics  are  based  on  the  two-hour  sample  period  which  was  basic 
in  the  sampling  procedure.  DIM  data  were  examined  for  shorter 
time  intervals,  but  no  significant  differences  from  the  two-hour 
results  were  found. 

In  interpreting  the  tables,  it  should  be  noted  that  the  DIN  percent¬ 
ages  for  the  pilot  messages  total  100$, as  do  those  for  the  con¬ 
troller.  The  final  column  of  each  table  gives  the  DIN  percentages 
(or  "DIN  profiles")  obtained  at  each  position  by  combining  pilot 
and  controller  messages  to  get  an  overall  index.  The  data  are  further 
broken  down  by  aviation  category,  and  sample  sizes  in  numbers  of  mes¬ 
sages  are  given  to  indicate  the  reliability  of  the  data. 
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3.  DIN  CHARTS 

The  following  six  cycles  of  DIN  charts  are  designed  to  permit  ready 
evaluation  of  the  parts  played  by  the  pilots  in  each  aviation  category 
and  the  controllers  and  communicators  in  each  facility.  The  most 
general  results  are  given  first,  with  the  following  cycles  presenting 
progressively  mere  detailed  data. 

Since  some  of  the  charts  are  based  on  relatively  small  samples  be¬ 
cause  of  very  detailed  data  breakdowns,  the  DIN  tables  should  be 
consulted  for  sample  size  whenever  extreme  results  are  shown.  The 
sample  sizes  for  the  air  carrier  category  are  usually  the  largest 
and,  hence,  the  most  reliable.  (The  exception  is  the  Station  Po¬ 
sition  B  which  seldom  deals  with  commercial  aircraft.) 

1.  Overall  Facility  and  Position  DIN  Profiles 

Figure  1-2  shows  the  overall  DIN  profile  for  each  facility. 

That  is , the  total  message  sample  for  all  positions  recorded 
in  each  facility  was  used,  with  pilot  and  controller/comrauni- 
cator  messages  lumped  together.  The  Tower  and  Center  profiles 
are  further  broken  down  by  Functional  Control  Position  in 
Figures  1-3  and  1-4.  Overall  Dili  profiles  for  each  position 
are  given  in  Figures  1-5  through  1-11.  In  these,  as  in  all  of 
the  DIN  profiles,  the  sum  of  the  percentages  given  in  each 
profile  is  1CC$. 
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2.  DIM  Profiles  by  Originator 

figures  1-12  through  1-29  show  the  DIM  profiles  for  each  facility 
and  each  position  broken  down  by  pilot  and  controller /communicator. 
That  is,  all  messages  originated  by  pilots  in  communicating  with  a 
particular  facility  or  position  constitute  a  message  sample  which 
is  shown  as  a  pilot  profile.  Similarly,  the  bottom  profile  in  each 
figure  is  that  for  the  controller/ communicator  message  sample. 
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3 .  DIN  Profiles  by  Aviation  Category 

Figures  1-30  through  1-47  show  the  DIN  profiles  for  each  facility 
and  each  position  broken  down  by  aviation  category.  That  is,  all 
messages  originated  by  pilots  and  control] er/coomuni cators  within 
an  aviation  category  are  used  to  obtain  the  overall  profile  for 
that  category.  As  before,  the  sura  of  the  percentages  shown  in 
each  profile  is  100$. 
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4 .  pm  profiles  by  Originator  and  Aviation  Category 

In  this  cycle  of  charts  the  DIN  profiles  are  shown  in  the  most  de¬ 
tailed  breakdown  which  was  made.  Figure  1-43  gives  an  overall 
comparison  of  the  three  facilities,  while  Figures  1-49  through  1-66 
show  the  same  type  of  profiles  separately  for  each  facility  and 
each  position.  This  cycle  of  DIN  charts  presents  all  of  the  tabular 
DIN  data,  with  the  exception  of  semple  size.  It  must  be  noted, 
therefore,  that  the  tables  should  be  consulted  for  sample  size 
before  making  firm  conclusions  based  on  charted  differences. 
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5 .  Di?t  Message  Classification  Proportions  by  Originator 

In  each  of  Figures  1-6?  through  1-84  the  top  chart  shows  the  over¬ 
all  DIN  profiles  for  each  facility  or  position  while  the  bottom 
chart  shows  the  contribution  to  each  of  the  DIN  percentages  made 
by  the  pilot  and  the  controller/ communicator.  For  example. 

Figure  1-66  shows  that  70$  of  all  messages  classified  as  Data 
in  the  Tower  sample  were  originated  by  pilots,  whereas  70$  of 
all  messages  classified  as  Information  were  originated  by  Tower 
controllers.  Note  the  sum  of  the  two  proportion-of -messages 
percentages  for  each  classification  is  100$. 
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DIN  Message  Classification  Proportions  by  Originator  and  Aviation  Category 

The  data  of  the  previous  cycle  arc  further  broken  down  in  Figures  1-85 
through  1-102  to  show  pilot/controller  proportions  of  messages  within 
each  classification  by  aviation  category.  The  data  are  given  on  an 
overall  basis  for  each  facility  and  by  individual  position.  As  before, 
the  sun  of  the  two  percentages  in  each  classification  breakdown  is  100$. 
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SECTION  II 

TEE-RELATED  VOICE  COIMJKICATIOES  MEASURES 


Since  the  time  intervals  involved  in  transferring  information  to  air 
traffic  of  varying  density  are  clearly  necessary  in  analyzing  and 
describing  an  ATC  voice  communications  systen,  considerable  effort 
was  devoted  to  obtaining  time-related  and  traffic  density  data. 

These  basic  data  are  presented  in  this  section  in  both  tabular  and 
chart  form. 
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A.  TIME-RELAXED  DATA  TABLES 

The  basic  data  were  obtained  by  measuring  the  length  of  each  recorded 
contact,  the  number  of  contacts  in  a  given  time  interval,  and  the 
number  of  aircraft  contacted  in  a  given  time  interval.  (A  contact 
is  defined  to  commence  with  the  initial  call-up  and  to  terminate  with 
the  final  acknowledgment.)  A  number  of  measures,  normalized  with 
respect  to  length  of  sample  interval,  were  then  obtained. 

An  overall  view  of  the  totals  for  the  control  positions  is  given  in 
Tables  II-l,  II-2,  and  II-3.  For  these  tables  the  basic  time  interval 
was  the  total -sample  time  interval.  For  example.  Table  II-l  shows  that 
the  total  C-round  Control  data  sample  for  1959  was  1C  hours.  The 
statistics  are  broken  down  by  aviation  category, with  an  overall 
statistic  also  given  for  each  measure.  The  first  column  shows  the 
percentage  of  all  R/T  communications  time  which  was  consumed  in 
dealing  with  each  aviation  category.  It  should  be  noted  here  that 
the  R/T  communications  time  includes  both  talking  and  listening 
time  for  the  controller  (or  pilot)  in  the  course  of  a  contact. 

The  remaining  columns  in  these  three  tables  are  self-descriptive. 

Tables  II-4  through  II-18  yield  a  detailed  breakdown  of  the  time- 
related  data  by  aviation  category  and  with  respect  to  three  time 
intervals;  one-half  hour,  one  hour,  and  two  hours.  The  data  and 
time  for  each  sample  are  given  and  the  half-hour  and  one-hour  data 
are  presented  chronologically  within  each  two-hour  sample  period. 
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B.  TIME-RELATED  DATA  CHARTS 

r-' 

A  pictorial  display  of  the  data  presented  in  the  preceding  tables 
is  given  in  the  following  six  cycles  of  charts. 

1.  Sequential  Variation  in  R/t  Communications  Load 

Much  has  been  said  by  controllers  and  communicators  about  the 
large  variations  in  r/t  communications  loads  which  they  ex¬ 
perience.  Knowledge  of  these  variations  is  important  because 
the  design  of  voice  communications  systems  and  the  assignment 
of  control  areas  is  more  dependent  upon  pea?,  communications 
loads  than  upon  average  communications  loads. 


Figures  II.-1  to  II-6  illustrate  the  variation  found  in  each  of 
the  positions  studied.  The  percent  of  time  spent  on  R/T 
communications  is  pJ.otted  for  each  of  twenty-four  consecutive 
five-minute  intervals.  The  time  period  selected  in  each  case 


was  1400  to  1600  EST. 


Figure  II -1 
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SEQUENTIAL  VARIATION  IN  R/T  COMMUNICATIONS  LOAD 


(Five -Minute  Intervals,  23  May  1959) 
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2 .  Frequency  Functions  for  Percent  of  Time  Spent  on  R/T  Communications 

Figures  II-7  to  11-12  chow  the  R/T  communications  load  for  each 
position  in  the  form  of  frequency  histograms.  The  ordinate  rep¬ 
resents  the  proportion  of  five -minute  intervals  in  which  occurred 
each  of  the  R/T  communications  load  percentages  on  the  abscissa. 
These  charts  thus  give  an  indication  of  the  range  of  conditions 
encountered  during  the  study  as  well  as  the  average  conditions. 
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FREQUENCY  FUNCTIONS  FOR  PERCENT  OF  TIME  SPENT  ON  R/T  COMMUNICATIONS 
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FREQUENCY  FUNCTIONS  FOR  PERCENT  OF  TIMS  SPENT  OH  R/T  COMMUNICATIONS 
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FREQUENCY  FUNCTIONS  FOR  PERCENT  CF  TIME  SPENT  ON  R/T  COMMUNICATIONS 
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FREQUENCY  FUNCTIONS  FOR  PERCENT  OF  TIMS  SPENT  ON  R/T  COMMUNICATIONS 
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3.  Time -Related  Measures 

The  three  primary  time-related  measures  are: 

-  Average  total  communications  time  per  aircraft  per  interval 

-  Average  communications  time  per  contact  per  interval 

-  Average  number  of  contacts  per  aircraft  per  interval. 

The  average  communications  time  per  contact  per  interval  was  the 
basic  unit  of  time  measured  in  the  study.  The  average  total  com¬ 
munications  time  per  aircraft  per  interval  was  obtained  by  summing 
all  contact  times  and  dividing  by  the  number  of  aircraft  contacted 
during  the  selected  time  interval.  Note  that  it  is  thus  the  product 
of  the  average  contact  time  per  aircraft  and  the  average  number  of 
contacts  per  aircraft  in  the  interval. 

Figure  11-13  shows  a  comparison  of  the  time-related  measures  for  the 
three  facilities.  These  measures  characterize  the  type  of  communi¬ 
cations  peculiar  to  each  facility.  For  example,  the  Tower  with  its 
smaller  control  area  and  relatively  high  rate  of  information  transfer 
is  characterized  by  a  short  average  time  per  contact. 

Figures  II-14,  1 1 - 1 5,  and  II- 16  show  the  same  three  measures  by  position 
for  the  Tower,  Center, and  Station,  respectively. 
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4 .  Average  Total  Communications  Time  per  Aircraft  by  Aviation  Category. 

Figures  11-17  to  11-23  shew  a  comparison  of  the  average  total  com¬ 
munications  time  per  aircraft  per  two -hour  interval  for  the  various 
aviation  categories.  A  har  and.  a  reference  line  indicating  the  over¬ 
all  value  has  been  included  for  ease  of  comparison. 

While  the  finer  category  breakdown  does  permit  a  more  detailed 
comparison,  it  does  result  in  relatively  small  sample  sizes  in 
some  instances.  The  R/T  Communications  Measures  Tables  should  be 
consulted  whenever  extreme  results  are  encountered,  to  determine 
if  a  small  sample  size  might  account  for  the  results. 
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AVERAGE  TOTAL  COMMUNICATIONS  TIME  PER  AIRCRAFT  BY  AVIATION  CATEGORY 
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AVERAGE  TOTAL  COMMUNICATIONS  TIME  PER  AIRCRAFT  BY  AVIATION  CATEGORY 
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5 .  Average  Communications  Time  Per  Contact  by  Aviation  Category. 

The  second,  primary  communications  measure  is  shown  by- aviation 
category  in  figures  11-24  to  11-30.  The  reference  interval 
length  is  two -hours,  as  before.  The  average  contact  time  for 
ground  vehicles  handled  by  the  Ground  Control  position  is  also 
included.  A  presentation  of  the  number  of  contacts  per  ve¬ 
hicle  and  the  total  time  per  vehicle  has  not  been  made.  These 
measures  would  be  meaningless  in  this  case  since  the  ground 
vehicles  operate  continuously  in  the  area. 
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Figure  11-26 

AVERAGE  GOin-rJI!ICATIO;:S  TEE  PER  COuTACT  BY  AVIATION  CATEGORY 


APPROACH  COI.TROL  (RADAR ) 


departure  cg:.t;:ol  (radar) 


Time (Seconds )  Time  (Seconds) 


CON  VAIR -POMONA 


Tine  (Seconds)  Time  (Seconds) 


COHVAIR-POMONA 


TM  339-84 
Volume  II 
June  i960 
Page  252 


Figure  11-28 
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Figure  11-29 
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6 .  .Average  Kuiabcr  of  Contacts  Per  Aircraft  Sy  j-.viat-on  Category. 

Figures  11-31  through  11-37  show  the  average  r.ur.ber  of  contacts  per 
two-hour  interval  established  between  the  controller/ eo:.a:innicator 
and  pilots  in  the  various  aviation  categories. 
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SECTION  III 
ANALYSIS  OF  DATA 


The  time -related  measures  described  in  Section  II  are  further  analyzed 
in  the  seven  cycles  of  charts  presented  here.  The  charts  represent 
attempts  to  isolate  meaningful  correlations  between  the  variables. 

The  presence  of  certain  relationships  such  as  decreasing  time  per 
contact  with  increasing  traffic  load  are  believed  to  exist  by  almost 
all  FAA  controllers.  The  establishment  of  these  relationships  on 
a  quantitative  basis  would  have  yielded  meaningful  system  parameters, 
but  the  findings  were  negative.  The  data  are  presented  by  facility 
and  position  in  most  cases.  In  addition,  time  intervals  of  different 
lengths  were  used  in  order  to  obtain  appropriate  levels  of  sc-r.sitivity 

A  section  of  miscellaneous  analytical  tables  is  presented  in  Part  3. 
These  tables  do  not  relate  directly  to  the  charts  presented  in  this 
section. 
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A.  ANALYTICAL  CHARTS 

The  first  four  cycles  shov  the  effects  of  traffic  density,  r/t  com¬ 
munications  load,  and  controller  facility  experience  on  the  normalized 
time-related  measures.  The  fifth  cycle  shows  the  effect-  of  traffic 
density  on  message  count. 

Considerable  variation  in  the  time-related  measures  was  observed  with¬ 
in  a  given  position.  This  variation  was  not,  however,  found  to  be 
significantly  correlated  to  the  density  and  experience  measures. 

The  net  effect  of  this  lack  of  correlation  is  presented  in  the  last 
two  cycles  of  charts.  The  relationship  between  message  load  and  R/T 
communications  load  and  between  traffic  load  and  P./T  communications 
lead  was  found  to  be  essentially  linear  throughout  the  range  of 
conditions  encountered.  A  3-incar  extrapolation  of  the  traffic  load 
versus  R/T  load  charts  yielded  an  estimate  of  the  ?./T  communications 
saturation  level  for  all  positions.  The  analysis  of  the  time-related 
measures  is  presented  schematically  in  Figure  III-l. 

The  symbols  used  in  plotting  all  data  in  this  section  are  defined 

as  follows: 

0  All  Hours  i960 

o  1400-1800  Hours  1959 

/O.  0800-1000  Hours  1959 

O  0000-0200  Hours  1959 
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1 .  Effect  of  Traffic  Density  on  Time-Related  Measures. 

Figures  III-2  to  III-37  show  the  relationships  between  traffic 
density  as  represented  by  the  number  of  aircraft  handled  in  a 
given  time  interval  and  the  three  time -related  measures  for  the 
corresponding  interval.  Half-hour,  one-hour,  and  two-hour 
intervals  were  all  used  for  the  analysis. 

The  sum  of  the  number  of  aircraft  handled  in  two  consecutive  half- 
hour  intervals  does  not  always  equal,  the  number  handled  in  the  re¬ 
sulting  one-hour  interval.  That  is,  when  one  aircraft  appears  in 
both  half-hour  intervals,  that  plane  would  be  included  in  each 
half-hour  interval  but  would  be  included  just  once  in  the  one- 
hour  tally.  A  similar  tallying  procedure  was  used  in  going 
from  the  one -hour  to  the  two -hour  intervals. 

Whenever  a  significant  difference  between  1959  and  i960  data  occurred, 
a  separate  dotted  line  was  used  to  represent  the  i960  data.  If  no 
significant  difference  existed, a  single  solid  line  was  used  to  rep¬ 
resent  the  data  from  both  years. 
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EFFECT  OF  TRAFFIC  DENSITY  ON  TIHE-RKIATED  HFASUEBS  AT  GROUID  CONTROL 
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Figure  III-8 


EFFECT  OF  TRAFFIC  DENSITY  OK  TIME-RKIATED  MEASURES  AT  APPROACH  CONTROL  (ARC ) 
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EFFECT  OF  TRAFFIC  DENSITY  ON  TIME-RELATED  MEASURES  AT  APFROACii  COCTROL  (PAD A3 ) 
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Figure  I II- 13 

EFFECT  OF  TRAFFIC  DENSITY  ON  TIME-RELATED  MEASURES  AT  APPROACH  CCTTROL  (RADAR) 
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Figure  HI-15 

EFFECT  OF  TRAFFIC  DENSITY  Oil  T  LME  -  RET  A'PKD  MEASURES  AT  DEPARTURE  GOHTRQL  (AKC) 
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Figure  I II-16 


EFFECT  OF  TRAFFIC  DENSITY  ON  TE-IK-KEIATED  MEASURES  AT  DEPAKTUPg  CCITROL  (ABC ) 
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EFFECT  CF  TRAFFIC  DEHSITY  OK  TIKK-P.B? ATKD  I-jEAgHRES  AT  DEPASTURE  COKTROL  (RADAR ) 


(Half-Hour  Intervals ) 


CO'p 


Tine /Air crar-  (Seconds)  Contac-s/Aircraft  Tine/ Contact  (Seconds) 


C  OK  VAIR -POMONA 


Fl-curc  III-16 


Volume  II 
June  i960 
Page  28-!t 


EFFECT  OF  TRAFFIC  PHI, :S TTY  OK  TIHK-RKTA'PKD  MEASURES  AT  PSPAKTUKE  CONTROL  (RADAR ) 
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EFFECT  OF  TRAFFIC  DENSITY  ON  TIKE -RELATED  MEASURES  AT  D2  RADIO  COiTTROL 
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EFFECT  OF  TRAFF ICE  DENSITY  ON  TIME-RELATED  MEASURES  AT  RADAR  1A  CONTROL 
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HFPSCC  OF  TRAFFIC  DENSITY  OH  ir. JIH-RBLATED  MEASURES  AT  RADAR  IB  CONTROL 

(Half-Hour  Intervals) 
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EFFECT  OF  TRAFFIC  DENSITY  OK  TIME -PE  RATED  MEASURES  AT  PADAR  IB  CONTROL 
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EFFECT  OF  TRAFFIC  DENSITY  ON  TIME-RELATED  MEASURES  AT  RADAR  2A  CONTROL 
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EFFECT  C?  TRAFFIC  DENSITY  ON  TIME-RELATED  MEASURES  AT  RADAR  2A  CONTROL 
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EFFECT  OF  TRAFFIC  DENSITY  01!  TIHE-REIATED  MEASURES  AT  RADAR  2B  CONTROL 

(Half-Hour  Intervals) 
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Figure  III-37 

EFFgc:  OF  TRAFFIC  DENSITY  OK  time-related  MEASURES  AT  RADAR  2B  CONTROL 

(Two -Hour  Intervals) 
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2.  Effect  of  R/T  Commun i cat Ians  Lead  on  Time-Related  Measures. 

Figures  III-38  to  III-73  show  the  relationships  between  the  r/t 
communications  level  ir.  a  given  interval  and  each  of  the  three 
tine-related  measures  computed  for  the  corresponding  interval. 
Half -hour,  one-hour  and  two -hour  intervals  were  all  used  for 
the  analysis.  Significant  differences  between  1959  and  i960  data 
are  indicated  by  solid  and  dotted  lines. 
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Figure  HI-38 

EFFECT  OF  COMMUTE  ICASIOES  LOAD  OK  TIME -RELATED  MEASURES  AT  GROUT1D  CONTROL 
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EFFECT  OF  COMMUNICATIONS  LOAD  ON  TPE-RRIATED  MEASURES  AT  GROUND  CONTROL 
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EFFECT  OF  COMMUNICATIONS  LOAD  ON  TIME -RELATED  MEASURES  AT  LOCAL  CONTROL 

(One -Hour  Intervals) 
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EFFECT  .  OF  COMMJEICATIOKS  LOAD  ON  TOS-RSIATCT  MEASURES  AT  LOCAL  CONTROL 
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EFFECT  OF  CODIFICATIONS  LOAD  ON  T IMS-RELATED  MEASURES  AT  APPROACH  CONTROL  (ANC) 
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EFFECT  OF  COMMUNICATIONS  LOAD  01?  TIHE-REIATBD  MEASURES  AT  APPROACH  CONTROL  RADAR 
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EFFECT  OF  COMMUNICATIONS  LOAD  ON  TPflB-TiEIATEP  MEASURES  AT  DEPARTURE  CONTROL  POSITION 

(One-Kour  Intervals) 


Time  Spent  on  R/T  Corranunicationa  (Percent) 


Tina /Aircraft  (Seconds)  Contacts/Aircraft  Time/Cantact  (Seconds) 


COU  VAI R -POMONA 


m-52 


'".-I  339-y'i-  Jv.r.e  I?;-’]) 

Volume  II  Page  320 


EFFECT  OF  COMMUNICATIONS  LOAD  ON  TIME-RELATED  MEASURES  AT  DEPARTURE  CONTROL  POSITION  (Al.’C) 

(Two-Hour  Intervals) 
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EFFECT  OF  COMMUNICATIONS  LOAD  ON  TIME -RELATED  MEASURES  AT  P2  CONTROL 
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Figure  III-59 


■  EFFECT  OF  COMMUNICATIONS  LOAD  O;;  TIME -RELATED  MEASURES  AT  2;  RADIO  CONTROL 
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EFFECT  OF  COHMUNICATIONS  LOAD  ON  TIME -RELATED  MEASURES  AT  D3  RADIO  CONTROL 
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EFFECT  OF  COMMUNICATIONS  LOAD  ON  TIME-RELATED  MEASURES  AT  RADAR  IB  CONTROL 
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EFFECT  OF  COMMUNICATIONS  LOAD  OK  TIME-RELATED  MEASURES  AT  RADAR  IB  CONTROL 

(Two-Hour  Intervals) 
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EFFECT  OF  COMMUNICATIONS  LOAD  ON  TIKE-REIATED  MEASURES  AT  RADAR  2A  CONTROL 
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EFFECT  OF  COMMUNICATIONS  LOAD  ON  TIME-RELATED  MEASURES  AT  RADAR  2A  CONTROL 
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EFFECT  OF  COMMUNICATIONS  LOAD  ON  TIME -RELATED  MEASURES  AT  RADAR  2A  CONTROL 


(Two -flour  Intervals) 
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EFFECT  OF  COMMUNICATIONS  LOAD  ON  TIME -RELATED  MEASURES  AT  RADAR  2B  CONTROL 

(Half-Hour  Intervals) 
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3*  Effect  of  Experience  on  Total  Communications  Time. 

In  Figures  III-74  to  III-83  the  controller  facility  experience  in 
years  has  been  plotted  against  the  tot  al  communications  tine  per 
aircraft  in  seconds.  Data  for  half-hour,  one -hour, and  two-hour 
intervals  have  been  plotted  for  each  control  position.  Note 
that  the  column  of  points  above  a  given  experience  level  in 
each  chart  of  this  cycle  represents  an  individual  controller 


in  most  cases. 
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EFFECT  OF  EXPERIENCE  ON  RADAR  IB  CONTROL  TOTAL  COMi-SuUICATIOHS  TIME 
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4.  Effect  of  Experience  on  Contact  Time. 

Figures  III-84  to  III-93  oho w  the  relationships  between  controller 
facility  experience  in  years  and  the  average  time  per  contact  per 
interval.  Once  again  half-hour,  one-hour,  and  twc-hour  intervals 
have  been  used  for  the  analysis.  Note  that  the  column  of  points 
above  a  given  experience  level  in  each  chart  of  this  cycle  rep¬ 
resents  an  individual  controller  in  most  cases. 
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EFFECT  OF  EXPERIENCE  ON  ANC  APPROACH  CONTROL  CONTACT  TIMS 
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EFFECT  OF  EXPERIENCE  ON  ANC  DEPARTURE  CONTROL  CCKTACT  TIME 
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5.  Effect  of  Traffic  Density  on  Message  Count. 

Figures  111-9*1  to  111-103  were  prepared  to  explore  the  relationship 
between  the  density  measures  and  the  message  rate.  The  top  chart 
on  each  figure  shows  the  average  number  of  messages  per  contact 
over  two-hour  intervals  plotted  against  the  total  number  of 
contacts  in  the  corresponding  intervals.  The  lower  chart  3hows 
the  average  number  of  messages  per  aircraft  over  two -hour  intervals 
plotted  against  the  total  number  of  aircraft  contacted  in  the 
corresponding  two -hour  intervals. 
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6 .  m/t  Comunl  cat  Ions  Lead  Versus  Message  Count  . 

The  relationships  betveen  communications  load  and  message  count  are 
further  illustrated  in  Figures  III-104  to  III-108.  In  the  chart 
cycle  the  average  number  of  messages  per  half-hour  interval  is 
related  to  the  average  P./t  communications  load  In  the  corre¬ 
sponding  interval . 
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7.  Traffic  Load  Versus  r/t  Communications  Load 

Figure  HI-109  summarizes  the  relationships  between  traffic  load  and 
r/t  communications  load  for  all  of  the  control  positions  which  were 
studied.  Linear  extrapolation  to  the  100$  communications  level  was 
made  and  the  dotted  portion  of  each  line  represents  the  extrapolation. 

The  point  at  which  these  lines  reach  the  100$  communications  level 
represents  the  number  of  aircraft  which  would  normally  result  in 
communications  saturation  for  the  controller.  Because  of  variation 
in  the  number  of  aircraft  which  can  produce  a  given  e/t  communications 
load,  and  because  of  some  uncertainty  in  the  behavior  of  the  graphs 
at  the  near-saturation  level, it  is  more  meaningful  and  accurate  to 
express  this  saturation  as  a  range  of  values  rather  than  a  single 
value.  The  range  from  the  minimum  to  the  vsaxlmum  number  of  planes 
which  could  produce  E/T  communications  saturation  is  shown  in  Table  III-l. 

Figures  III-110  to  III-115  illustrate  the  absolute  minimum  and  maximum 
communications  saturation  levels  which  were  established  by  drawing 
a  boundary  line  through  the  extreme  point  on  each  side  of  the  mean 


line. 
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Table  III-l 


MINIMUM  AND'  MAXIMUM  R/T  COMMUNICATIONS  SATURATION  LBVEIB  IH 
- NUMBER- OF~AIP.CRAFT  CONTACTED  PKR  PATF-HODR  CTI'ERVAt 


NUMBER  OP  AIRCRAFT  1 

PO3ITI0N 

MCNIMUM 

MAXIMUM 

TOWER 

Ground  Control  (without  Cl.Del.Pos.,1959) 

U2.0 

56.6 

Ground  Control  (with  Cl.Del.Pos.,1960) 

6l.l» 

88.5 

Local  Control  (1959  and  I960) 

U9.U 

67.3 

Approach  Control  (ANC,  1959) 

25.2 

33.5 

Approach  Control  (Radar,  i960) 

21.5 

27.U 

Departure  Control  (ANC,  1959) 

U6.3 

60.U 

Departure  Control  (Radar,  i960) 

U3.5 

56.8 

CS.'JTER 

D2  Radio  Control  (1959  and  i960) 

23.0 

30.6 

D3  Radio  Control  (1959) 

20.8 

27.9 

D3  Radio  Control  (i960) 

— 

— 

Radar  1A  Control  (1959) 

20.0 

26.8 

Radar  2B  Control  (1959) 

19.3 

23.6 

Radar  IB  Control  (I960) 

27.8 

30.3 

Radar  2A  Control  (1959) 

20.2 

27.1 

Radar  2B  Control  (1959) 

17.0 

21.0 
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S.  ANALYTICAL  TABLES 

1 .  Comparative  Communications  Statistics 

Tables  III-2  ,  III- 3  and  III— 4  present  some  comparative  communications 
statistics.  The  first  numerical  column  -  Composition  of  Number  of 
Planes  Contacted  -  should  be  used  as  the  reference  column  in  making 
comparisons.  For  example.  Table  III- 2  shows  that  the  Air  Carrier 
category  represented  70.8$  of  the  planes  contacted  by  the  Ground 
Control  position.  Comparing  this  to  the  next  column  it  can  be 
seen  that  the  Air  Carrier  category  occupied  a  smaller  percentage 
of  the  communications  time  (65 .4$).  This  is  another  way  of 
illustrating  that  the  Air  Carrier  group  on  the  average  required 
less  communications  tine  per  plane  at  the  Ground  Control  position, 
note  that  the  composition  percentages  for  the  three  aviation 
categories  add  to  100$. 


CONVAIR-POMOlM 


COMPARATIVE  TOWER  COMMU1CLCATJ. 


AND 

SAMPLE  SIZE 


ground  control  |Air  Carrier 
(10  Hours  1959)6lilitary 

I  Gen.  Aviation 


{LOCAL  CONTROL  Air  Carrier 
(10  Hours  1959]  Military 
i  Gen  .Aviation 

APPROACH  jAir  Carrier 

CONTROL  (ANC)  Military 
(12.  Hours  1959]  Gen.  Aviation 


DEPARTURE  Air  Carrier 
CONTROL  (ANC)  Military 
(12  Hours  1959)Gen.  Aviation 

LOCAL  CONTROL  lAir  Carrier 
(2  Hours  I960)  (Military 

Gen.  Aviation 

GROUND  CONTROL  Air  Carrier 
(L  Hours  I960)  Military 

Gen.  Aviation 

APPROACH  Air  Carrier 

CONTROL  (RADAR)  Military 
(5  Hours  I960)  Gen.  Aviation 

DEPARTURE  Air  Carrier 

CONTROL  (RADAR] Military 
(li  hoturs  I960)  Gen.  Aviation 
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COMPARATIVE  TOWER  COMMUNICATIONS  STATISTICS  BY  AVIATION  CATEGORY 
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CONVAIR-POMCNA 


I  D3  RADIO 
(22  Hoars  1959) 


1A  RADAR 
(10  Hoars  1959) 


Air  Carrier 
Military 
Qen.  Aviation 

Air  Carrier 
Military 
Gen,  Aviation 

Air  Carrier 
Military 
Qen.  Aviation 


IB  HATltR 
(10  Hours.  1959) 


Air  Carrier 
Military 
Qen.  Aviatic 


2A  RADAR 
(10  Hours  1959) 


Air  Carrier 
Military 
Qen.  Aviation 


2B  RADAR 
(6  Hours  1959) 


Air  Carrier 
Military 
Qen.  Aviation 


D2  RADIO 
(1*  Hours  I960) 


Air  Carrier 
Military 
Gen.  Aviation 


D3  RADIO 
(3  Hours  i960) 


Air  Carrier 
Military 
Qen.  Aviation 


IB  RADAR 
(2  Hours  I960) 


Air  Carrier 
Military 
Qen.  Aviation 


COMPARATIVE  CENTER  COMMUNIi 


Composition  OF  number 

OF  PLANES  CONTACTED 
(PEBCEST) 

81.7 

81.7 

14.7 

13.8 

3.6 

4.5 

82.8 

66.8 

17.2 

33.2 

94.3 

09.1 

5.7 

10.9 

96.3 

97.2 

3.7 

2.8 

68.2 

75.1 

31.8 

24.8 

80.4 

80.4 

13.0 

13.3 

6.5 

6.3 

80.8 

86.3 

15.1 

11.6 

4*1 

2.1 

84.4 

65.4 

9.4 

8.7 

6.2 

25.9 

92.8 

92.8 

6.3 

5.5 

0.9 

1.7 
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COMPAHATIVE  CENTER  COMMUNICATIONS  STAT] 


BY  AVIATION  CATEGORY 


Sable  ni-3 

R  COMMUNICATIONS  STATISTICS  BY  AVIATION  CATEGORY 


mm 

IHHI 

I  PILOT  CONTROLLER 

OVERALL 

1  A 

88.8 

U*7  fl 

9.9 

8.0 

8.9 

3.5 

3.1 

3.3 

85.1* 

91.1* 

88.7 

il*.6 

8.6 

11.3 

87.1* 

90.0 

88.5 

12.6 

10.0 

LL.5 

98.1 

98.0 

98.0 

1.9 

2.0 

2.0 

66.2 

81.1* 

73.3 

33.8 

18.6 

26.7 
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ION  0 


PILOT  CONTROLLER  OVERALL 


i t<3  C 

Wfc.  •/ 

ftC.H 

vy  #v 

85.1 

13.5 

11.2 

11.7 

U.o 

3.0 

3.2 

85.1* 

80.3 

81.8 

1U.6 

19.7 

18.2 

97.3 

9l*.8 

95.5 

2.7 

5.2 

1*.5 

98.2 

98.2 

98.2 

1.8 

1.8 

1.8 

75.0 

69.0 

70.6 

25.0 

31.0 

—a. 

29.1* 

82.3 

81.0 

81.3 

1*.8 

lli.1 

11.8 

12-9 

1*.9 

6.9 

77.9 

89.1* 

86.1* 

16.8 

9.8 

11.7 

5.3 

0.8 

1.9 

91.9 

90.1* 

90.8 

5.9 

9.6 

8.3 

■■■■ 

—•a. 

0.8 

71.1* 

77.9 

76.5 

21.1* 

17.3 

18.2 

7.2 

1**8 

5.3 
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CQNVAI R-PGMON A 


COMPARATIVE  STATION  COM1 


i^OSITION 

AND 

SAMPLE  SIZE 

AVIATION 

CATEGORY 

Bl 

COMPOSITION  OF 
COMMUNICATIONS  TIME 

(percent) 

D  POSITION 

Air  Carrier 

26.6 

27.5 

26.5 

(20  Hours  1?5?) 

Military 

62.  4 

67.0 

68.7 

Gen  Aviation 

11.0 

5.5 

4.8 

C  POSITION 

Air  Carrier 

25.3 

12.6 

22.1 

(18  Hours  1959) 

Military 

38.7 

60.8 

48.9 

Gen  Aviation 

36.0 

26.6 

29.0 

B  POSITION 

Air  Carrier 

2.5 

0.6 

1.9 

(24  Hours  1959) 

Military 

4.0 

3.7 

4.7 

Gen  Aviation 

93.5 

95.7 

93.4 
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Table  HI -4 

COMPARATIVE  STATION  COMMUNICATIONS  STATISTICS  HI  AVIATION  CATEGOU 


ER 

COMPOSITION  OF 
COMMUNICATIONS  TIME 
(PERCENT) 

COMPOSITION  OF 
NUMBER  OF  CONTACTS 
(PERCENT) 

CLASSIFICATION  OF 

DATA  MESSAGES  [%) 

COMPOSITION  OF 
INFORMATION  MESSAGES  (X) 

1 

mxmtm 

PILOT  COMMUNICATOR  OVERALL 

m\ 

27.5 

26.5 

20.8 

27.1 

2!;.8 

31.5 

18.0 

26.0 

67.0 

68.7 

72.9 

69.1; 

70.7 

61.5 

77.7 

68.1 

5.5 

4.8 

6.3 

3.5 

4.5 

7.0 

4.3 

5.9 

12.6 

22.1 

35.7 

20.0 

25.6 

24.1 

27.6 

25.3 

60.8 

48.9 

1»2.8 

52.0 

1*8.7 

42.6 

34.5 

39.8 

26.6 

29.0 

21.5 

28.0 

25.6 

33.3 

37.9 

34.9 

0.6 

1.9 

— 

■>• 

3.7 

1*7 

— 

— 

— 

4.1 

2.1 

3.1 

95.7 

93.4 

100.0 

100.0 

100.0 

95.9 

97.9 

96,9 
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Table  HI -4 

IATION  COMMUNICATIONS  STATISTICS  BY  AVIATION  CATEGORY 


CLASSIFICATION  OF 

DATA  MESSAGES  (%) 

COMPOSITION  OF 
INFORMATION  MESSAGES  (%) 

COMPOSITION  OS 
NEWS  MESSAGES  (%) 

overall" 

mmjM 

OVERALL 

PILOT  COMMUNICATOR  OVERALL 

PILOT 

COMMUNICATOR 

26.5 

20.6 

27.1 

24.8 

31.5 

18.0 

26.0 

28.9 

33.4 

31.7 

68.7 

72.9 

69.4 

70.7 

61.5 

77.7 

68.1 

65.2 

61.4 

64.2 

4.8 

6.3 

3.5 

4.5 

7.0 

4«3 

5.9 

5.9 

5.2 

4.1 

22.1 

35.7 

20.0 

25.6 

24.1 

27.6 

25.3 

20.4 

20.0 

20.2 

48.9 

42.8 

52.0 

48.7 

42.6 

34.5 

39.8 

39.8 

43.0 

41.1 

29.0 

21.5 

28.0 

25.6 

33.3 

37.9 

34.9 

39.8 

37.0 

38.7 

1.9 

— 

— 

2.0 

«•«. 

1.1 

4.7 

— 

— 

— 

4.1 

2.1 

3.1 

1.0 

4.5 

2.6 

93.4 

100.0 

100.0 

100.0 

95.9 

97.9 

96.9 

97.0 

95.5 

96,3 
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2 .  Pilot/Controller  Contact  Initiation  Percentages 

Table  III-5  shows  the  pcreentage  of  contacts  which  ’..'ere  initiated 
by  the  pilot  or  controller.  The  percentages  are  based  upon  a  rep¬ 
resentative  sample  of  contacts  for  each  control  position. 
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POSITION 

"NUMBER  OP  COITACTS: 
Initiated  by  j  Initiated  by 
Pilot  1  Controller 

PERCENTAGE  OP  CONTACTS: 
Initiated  by  t  Initiated  by 

Pilot  1  Controller 

TOWER 

Ground  Control 

195 

154 

56 

44 

Local  Control 

197 

206 

49 

51 

Approach  Control 
(AHC) 

233 

176 

57 

43 

Approach  Control 
(Radar) 

170 

245 

4l 

59 

Departure  Control 
(ANC) 

34? 

60 

85 

15 

Departure  Control 
(Radar) 

145 

164 

47 

53 

CENTER 

D2  Radio  Control 

240 

163 

60 

4o 

D3  Radio  Control 

177 

116 

60 

4o 

Radar  1A  Control 

62 

80 

44 

56 

Radar  IB  Control 

194 

214 

48 

52 

Radar  2A  Control 

80 

90 

47 

53 

Radar  2B  Control 

105 

91 

5^ 

1*6 

- - i 
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SECT  IOH  IV 

coordination  co:ciunicatioi:3 


The  data  obtained  from  the  interphone  positions  did  not,  in  general, 
permit  the  came  discriptive  and  analytical  techniques  used  for  the 
air-to-ground  type  position  data.  For  that  reason  all  interphone  data 
are  presented  separately  in  this  Section.  Since  ground-to-ground  R/'f 
is  essentially  a  type  of  interphone,  the  generic  ter.n  "coordination 
communications"  is  used.  Wo  DIW  statistics  are  presented  because  the 
technique  was  found  to  he  inappropriate.  An  attempt  vas  made  to  apply 
the  classification  system,  but  the  conversational  nature  of  the  inter¬ 
phone  contacts  yields  a  fluid  language  structure  which  gives  essentially 
meaningless  DIN  statistics. 

The  time-related  measures,  with  appropriate  modifications,  were  calculated 
for  the  interphone  and  ground-to-ground  R/T  positions.  Time  per  interphone 
(or  ground-to-ground  R/T)  contact  has  the  same  meaning  for  coordination 
communications  as  for  ground-air  communications,  but  one  interphone 
contact  might  include  conversation  about  two  or  more  aircraft.  Communi¬ 
cations  time  per  plane  had  a  different  meaning  because  the  conversations 
were  being  conducted  about  planes  and  not  with  planes.  The  measure 
is  therefore  called  average  total  time  per  plane  treated  instead  of 
total,  time  per  plane  contacted  to  differentiate  it  from  the  air-to- 
grour.d  communications  time.  'When  more  than  one  plane  was  discussed, 
the  correct  portion  of  total  contact  time  was  assigned  to  each  plane 
in  order  to  obtain  the  total  time  per  plane. 
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A.  COORDHTATION  COMMUIvICATIOHS  TAB  LBS 

The  modified  time-related  measures  are  presented,  in  Tables  IV-1  to 
IV- 14.  Ground-to-ground  R/T  cornmuni  c  at  ions  (ore  included  with  the 
interphone  data  in  these  tables  wl'.cnever  'oot’n  occur  at  a  position. 


A2  ASST.  CONTLR.  l8  63.7  26.2  17*8  0  32  78.7  11*8  4.3  0.8  16.8  70.2  80.3  173*4  77*4 

(8  Ho\irs-1959) 

D3  COKTROLIER  29  8.4  1.6  0.3  0  68  46.1  38-8  4.0  0.3  43.2  43.4  67.3  20.4  45.4 

(12  Hours -1959) 

A3  ASST,  cgetlr.  12  59.6  39.2  o  1.2  26  4l.S  16.8  3-8  0  20.6  j  29,9  108.2  --  41.3 


- COMPOSITION  OF  — — —  ’  AVEIAG3  CONTACT  TIME 

#  TIME  SPENT  COMMUNICATIONS  TIME  NUMBER  OF  CONTACTS  WITHIN  INTERVAL 

ON  COORDINATION  NITHIW  INTERVAL _ PER  INTERVAL _ (SECONDS  )..  - - 

COMMUNICATIONS  GRND  TO  GHND  TO  GRND  TO  INTER-  OVER- 
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POSITION  STATISTICS  -  CENTER  D3  CONTROLLER  POSITION 
(Two -Hour  Intervals) 
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B  =  COORD  I11ATIO”  COMMilNTOATTONS  CHARI'S 

r 

It  is  possible  to  classify  interphone  and  ground-to-ground  R/T 
communications  in  two  distinct  ways .  This  fact  may  be  best  illus¬ 
trated  by  an  example.  A  Miami  Sector  Controller  may  call  the  Miami 
Tower  and  request  information  about  a  specific  military  aircraft. 

This  contact  may  be  classified  according  to  the  party  contacted 
(the  Tower)  or  according  to  the  aviation  category  discussed  (military). 
The  first  cycle  of  charts  shows  schematically  the  distribution  of 
coordination  time  based  upon  the  party  contacted.  The  final  cycle 
shows  the  coordination  time  per  plane  based  upon  the  aviation  category 
classification  scheme. 

1 .  Coordination  Communications  Schematics 

Figure  IV-1  is  a  schematic  of  the  Miami  ATC  communications 
network .  It  shows  in  general  terms  the  communications  links 
between  the  three  facilities  and  other  individuals  and  agencies. 

Figures  IY-2  to  IV-12  show  the  composition  of  communications  time 
for  the  individual  interphone  positions.  The  percentages  in  the 
small  boxes  were  obtained  from  the  actual  tape  transcriptions 
and  represent  the  conditions  that  existed  during  the  recording 
periods . 

Once  again  the  ground-to-ground  R/T  communications  have  been 
included.  In  the  case  of  the  three  Station  positions,  which 
have  both  air-to-ground  and  ground-to-ground  R/T  communications, 
.just  the  ground-to-ground  R/T  data  were  used  for  their  respective 


schematics . 
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ATC  COMMUNICATIONS  COMPLEX 
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Figure  IV-2 

COMPOSITION  OF  INTERPHONE  COMMUNICATIONS  TIME 
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Figure  IV-3 

COMPOSITION  OF  INTESPRCNE  COMMUNICATIONS  TIME 
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Figure  IV-4 

COMPOSITION  CF  INTERPHONE  COMMUNICATIONS  TIMS 
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COMPOSITION  OF  R/T  AND  IP  COMMUNICATIONS  TIKE 
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2 .  Frequency  Functions  for  Percent  of  Time  Spent  on  Coordination  Communications 

Figures  IV-13  to  IV-lfa  show  the  percentage  of  time  spent  on  coordination 
communications  in  frequency  histogram  forms.  The  charts  give  an  indi¬ 
cation  of  the  range  of  conditions  encountered  during  the  study  as  well 
as  the  average  conditions.  The  percentages  do  not  include  any  face- 
to-face  coordination  time  for  adjacent  positions  within  a  facility. 
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FREQUENCY  FUNCTIONS  for  percent  of  tikis  spent  on  coordination  communications 


Time  Spent  on  Coordination  Communications  per  Interval  (Percent) 


(Percent)  Frequency  (Percent) 
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FREQUENCY  FUNOTION'3  FOR  PERCENT  OF  TIMS  SPENT  ON  COORDINATICW  COMKCNiCATIONS 


CENTER  A2  ASSISTANT  CONTROL  POSITION 


(8  Half-Hour  Intervals) 


Time  Spent  on  Coordination  Communications  per  Interval  (Percent) 


CENTER  A3  ASSISTANT  CONTROL  POSITION 


(16  Half-Hour  Intervale) 


Time  Spent  on  Coordination  Comnunications  per  Interval  (Percent) 


cy  (Percent)  Frequency  (Percent) 
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3 •  Average  interphone  Conmunlcatlons  Time  Per  Contact 


Figure  IV- 17  shows  the  overall  average  time  per  contact  for  each 
interphone  position  studied. 
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4 .  Average  Total  Interphone  Communications  Time  Pen  Plane  Treated 
(by  Interphone  Position’) 

Figures  IV-l6  through  XV-21  show  the  average  interphone  coordination 
communications  time  used  by  the  various  positions.  The  data  have 
been  broken  down  by  aviation  category.  In  almost  all  cases  the 
average  handling  time  for  military  aircraft  was  found  to  be  the 
greatest. 
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